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Abstract 
The Norwegian Public Roads Administration focus on issues to improve weight controls, and the quality of statistic weigh data. 
An important part of the project is field tests of different methods and equipment for collecting Weigh-In-Motion (WIM) data, with 
high speed WIM equipment, and V2I communication where the vehicle reports its own weight. The tests are focusing on data 
quality (WIM vs static weight), user interface and usability, procedure and need for calibration and lifetime of sensors. Another 
important part of the project is the use of WIM data to pre-select vehicles at the control station. WIM data are combined with 
license plate numbers from ANPR cameras, and the measured weight is compared with the permitted weight. If a vehicle is 
overloaded then a warning is shown on the control station. This allows legal drivers to pass without being stopped. 
We have conducted several tests over a three years period. Two different WIM sensors technologies from four different 
manufacturers has been tested. The focus of the tests have been on accuracy, lifetime of sensors, calibration and usability of 
software and equipment. We have tested equipment for high speed WIM for pre selection of vehicles at control stations.  
Our results shows that lineas quarts sensors are better than piezo electric cables. The calibration procedures are time end cost 
consuming. Lifetime of the sensors are very short. This can be improved by deeper installation where it is possible. It is a problem 
that the accuracy of the sensors decrease over time. For one system the error in average gross weight increased to about 15% over 
a period of 6 months. The error in the other system had increased to 15% in three months, and after calibration the error increased 
to 15% in just over one month. 
A full scale test of a V2I system was conducted in Oslo in February 2015, as a proof of concept. One instrumented vehicle was 
used to verify the communication protocols. The information flow was steady and the focus was therefore on the reported weight. 
The internal difference in the self-declared truck weight for each axel was very low – with less than 1% difference between the test 
runs. Compared with the static weight the self-declared truck weight was approximately 5% too low. This was considered as a good 
start for the concept.  
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A full scale tests with four vehicles are planned to start in September. The trucks will be equipped with communication units for 
sharing the current weight for a two month period. This setup will provide us with a wider basis for evaluating the data quality 
provided by the system. We believe that in the future WIM systems will be used together with V2I solutions, and that this will 
improve vehicle weight control further. 
The project is a cooperation between the Norwegian Public Roads Administration and the Traffic Engineering Research Centre. 
 
© 2016The Authors. Published by Elsevier B.V.. 
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1. Introduction 
The Norwegian Public Roads Administration (NPRA) wants to improve the control of heavy vehicles, and make 
the control procedures more efficient. One aspect of this work is to improve weight controls. The NPRA is cooperating 
with the Traffic Engineering Research Centre (TERC) at the Norwegian University of Science and Technology 
(NTNU) in order to perform research related to this project. An important part of the project is field tests of different 
methods and equipment for collecting Weigh-In-Motion (WIM) data, with high speed WIM equipment, and V2I 
communication where the vehicle reports its own weight. The tests are focusing on data quality (WIM vs static 
weight), user interface and usability, procedure and need for calibration and lifetime of sensors. Another important 
part of the project is the use of WIM data to pre-select vehicles at the control station. WIM data are combined with 
license plate numbers from ANPR cameras, and the measured weight is compared with the permitted weight. If 
a vehicle is overloaded then a warning is shown on the control station. This allows legal drivers to pass without being 
stopped. 
In recent years there has been great demand for weight data. Together with traditional traffic data this information 
is useful for different purposes such as: 
x Control of heavy vehicles 
x Road planning 
x Road maintenance 
x Bridge applications 
x Traffic Safety 
x Competitiveness 
Vehicle weight can be measured in different ways. We often define the methods as: 
x Static weight: The vehicle has to stop at a weight station. 
x Low speed WIM: The vehicle is weighed while driving at 5–15 km/h. 
x High speed WIM: The vehicle is weighed while driving at the desired speed. 
x V2I communication: New technology has made it possible to retrieve weight from sensors on the vehicle. 
In our project we focus mainly on high speed WIM and weight retrieved from the vehicle with V2I, because an 
important goal is to pre-select overloaded vehicles at control stations. The equipment chosen have been strip sensors 
because they are less expensive and easier to install than plate sensors. The project is a cooperation between the 
Norwegian Public Roads Administration and the Traffic Engineering Research Centre. 
2. Impact of WIM systems 
By reducing the number of overweight vehicles on the roads and by encouraging changes in carrier behaviour, the 
use of WIM systems consequently leads to interesting benefits. The literature review showed an absence of best 
practice consensus relative to the use of WIM data for evaluating the overall impact of removing overloaded trucks 
from the roads. The WIM systems were first developed to preserve the road pavement and infrastructure, and to reduce 
the costs for weight enforcement resources. There is a new tendency to evaluate other effects on the carrier behaviour 
(e.g. reduction of the average amount of overweight and number of overloaded vehicles), the environment (e.g. 
reduction of harmful emissions, vibrations, noise and fuel consumption), traffic management (e.g. reduction of 
congestion and road closures), traffic safety (e.g. reduction of traffic risks and accidents) and costs (e.g. reduction of 
taxes and fees violation, increase of overweight violation capture rates).  
© 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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2.1. Carrier behaviour change 
Weigh-in-motion technologies allow the control of vehicle weights without disrupting the traffic and the freight 
operations. The procedure consisting of warnings sent to the transport companies seems to be very efficient in 
encouraging carrier behaviour change over time. Two best practices in France and in the Netherlands hold our 
attention. In France, the list of suspected vehicles is known in real time thanks to WIM systems dispatched on the 
national road network, as well as the types of offense coded with colors. An internet server collects the daily event 
logbook from each WIM system and data are processed monthly and annually (Stanczyk et al., 2012 and Jacob et al., 
2010). The data are connected to the national registration database, which can give information on the vehicle owners 
and can be used for statistics. In the Netherlands, results from video-WIM systems are analysed on a monthly basis 
and determine the offending vehicles and the corresponding companies. The behaviour of each carrier is followed 
with an on-site visit for carriers for the companies with a red code (highest monthly offenses). After the visit, 
a 2 month monitoring period is performed to examine if a positive change is confirmed in loading behaviour. When 
a positive change occurs, the company is kept under less intense surveillance and the company name moved to the 
yellow list (FHWA, 2007). If the behavior remains positive, the company is then categorized by a green code. In the 
worst cases, all vehicles are stopped by the police and a scale can be placed at the entrance of their site to release only 
the vehicles with no overloading (FHWA, 2007). These practices connect automatically the overloaded vehicles with 
the vehicle registration database. Carriers who committed repeatedly weight vehicle violations can then be 
automatically identified and classified by severity level and types of offenses. This software application of automatic 
enforcement is of high interest for the Norwegian system; the colour coding makes the system simple and user-
-friendly. The French application is based on an aggressiveness factor increasing with the weight of the vehicle 
whereas the Dutch version provides the history of the loading behavior by carrier. This second practice from the 
Netherlands is more restrictive for carriers and may require significant human resources. 
2.2. Protection of road pavement and infrastructure 
Illegally overweight vehicles cause damages to the pavement and the road infrastructure. The WIM/ANPR systems 
have the potential to reduce the number of severely overweight and the associated costs for pavement resurfacing 
work and infrastructure repairs. Several studies in the USA showed experiences in following large pavement damages 
caused by overweight vehicles with reporting systems provided weekly, monthly and yearly (STARS). This method 
consists of evaluating the damage the year before the installation of the WIM system and the years after the set up of 
the weight enforcement. The damage is estimated in Equivalent Single Axle Loads (ESAL) factors; a concept 
developed at the American Association of State Highway Officials (AASHO). Calculations were performed monthly 
to estimate the portion of the pavement damage attributed to the weight excess of the vehicles at each study site. Such 
a system to calculate the reduction in road pavement and infrastructure damages is of high interest and may show 
substantial reduction in costs in Norway; especially if there is no alternative routes available to avoid the weight 
control set up on the main motorway. 
2.3. Traffic safety 
An excess weight is always dangerous for the stability of a truck, even if it is safely loaded. This can cause brake 
system faults and the truck could become difficult to manouvre and control. The risk for a driver of an overloaded 
truck to be involved in an accident is therefore higher than for a legally loaded truck. In addition, the involvement of 
overweight vehicles in traffic accidents increases the severity of the consequences of accidents. Jacob et al. (2010) 
showed that there is a lack of statistics on overweight vehicles related to road accidents and incidents due to weight 
data not being collected by the police. In several studies, truckers are suspected of using alternate routes to avoid a set 
of weigh-in scales. This may increase the risk of accidents on these secondary roads. This is a great concern in Norway 
where alternative roads are not adapted to heavy vehicles. The impact of WIM systems on road and tunnel safety is 
of high importance in Norway and a reduction in the number of accidents and incidents is expected. No alternative 
routes should be possible for the heavy vehicles to avoid an increase in truck traffic and accident risk level on poorly 
adapted roads.  
2.4. Traffic management 
The WIM systems may provide to traffic management centres, an overview of national and regional geographical 
location of overloaded vehicles. Data from the systems could be relevant information for the 5 regional centres in 
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Norway. Accurate, reliable and up to date information about the heavy traffic, vehicle weight and classification are 
useful for the management of traffic volume, lane occupancy and speed. Future WIM data management systems may 
include new applications especially developed for traffic management centres; such as real time traffic data collection, 
heavy traffic flow information, dangerous goods tracking, tunnel traffic safety, traffic/congestion monitoring and 
prognosis, etc. 
2.5. Freight planning 
The WIM data can also be useful for carriers to better plan freight operations. In Norway, a simple notification is 
sent to them for each overweight truck. However, an annual report would provide them an interesting overview of the 
company's performances in terms of overloading. This could be helpful for large companies to find solutions for better 
organising the repartition of the goods over their vehicles. Consequently, the delays provoked by the weight controls 
will be reduced over time and the efficiency of the freight operations will increase. The reduction in overloading will 
generate safer transport operations for drivers and terminal operators. This may be assessed by means of data collection 
and questionnaires among the carriers and their employees.  
2.6. Environmental impacts 
The assessment of the various environmental effects associated with the excess of overload; vibrations, noise and 
pollution is quite complex. To measure the impacts in terms of vibrations and noise, special equipment is necessary 
(e.g. ground borne vibrations). Exhaust gas emissions depend on a combination of parameters (e.g. driving style, road 
gradients and loading) and are usually estimated by means of factors related to the vehicle class, the engine emission 
classification, the measured gross weight and speed (Poulikakos, 2010). This can be implemented rapidly.  
2.7. Economical benefits 
Overloaded vehicles generate economical benefits for carriers by violating the rules of taxes and fees (Jacob et al., 
2010). It creates therefore an unfair competition between the carriers. The economical benefits expected for the 
authorities with the WIM system are few payments of fines, taxes and fees (e.g. vehicle registration fees, axle taxes 
and toll collection fees). The increased efficiency of the weight control reduces also the costs for weight enforcement 
resources and operations. Costs related to the infrastructure damage (e.g. tunnel, bridge), road and tunnel closures,  
resurfacing works and repairs of infrastructure are also reduced. It will be interesting to calculate the annual reduced 
costs attributable to overweight vehicles nationally and at a regional level in Norway with a benefit-cost study 
quantifying the most relevant aspects. 
3. Tests sites 
NPRA has established test sites for WIM equipment a short distance before two weight control stations in Norway. 
In addition to the two main test sites, WIM equipment based on piezo electric cables has been installed in seven other 
locations in 2011–2012. One was later upgraded to Verdal test site. The purpose of these installations were to gain 
experience with WIM in general, evaluate accuracy and the need for calibration of piezo electric sensors, and evaluate 
the differences in requirements for the various sites due to weather conditions, road types and traffic volumes. 
3.1. Test site Klett 
The test site at Klett consists of various equipment for traffic data collection, not limited to WIM. The first WIM 
system was installed in 2011 with piezo electric cables. The next WIM system with lineas quarts sensors was installed 
in 2012. Both WIM systems were taken out of operation in 2014. The test site at Klett has been part of the tests in 
NorSIKT project for classification of vehicles (Greijer, Carlsund, & Eriksson, 2012) (Greijer, 2013), as well as the 
NonStop project for improving controls of heavy vehicles. 
3.2. Test site Verdal 
The test site at Verdal was established specifically for WIM purposes. The sensors were installed in August 2014, 
one array with lineas quarts sensors and two arrays of piezo electric cables. Weights sensors and equipment from three 
different manufacturers are installed at the test area. This makes it possible to compare measurements against each 
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other and also against static weight at the control station. The WIM equipment and sensors at this site are fully 
functional, and we will continue our testing activity. 
 
Fig. 1. Test site Klett (left) and test site Verdal (right).  
4. Tests and results 
We have been testing two different types of sensors for high speed WIM – piezo electric cables and lineas quarts 
sensors. We also have equipment from four different manufacturers. We have conducted tests over the last three years, 
and so far our experience is that there are major differences in the equipment when it comes to: 
x Quality and accuracy of weight data 
x Usability of software 
x Requirements for calibration 
x Frequency of calibration 
x Lifetime of sensors 
We have conducted a series of tests at Verdal to compare different WIM equipment results with each other and the 
static weight from the control station. Calibrations took place in October 2014, and the controls were conducted in 
November 2014 and January 2015. We have also gained experience with calibration, accuracy, lifetime and usability 
from WIM installations in other locations including Klett test site. In addition to evaluation of accuracy, we wanted 
to assess the necessary frequency for calibration to retain the desired level of accuracy for the various equipment and 
sensors. The level of accuracy need to be sufficient for pre-selection of vehicles at control stations, this is discussed 
in COST 323 (Jacob, 2002). 
4.1. Quality and accuracy of weight data 
Analysis so far indicates that equipment based on lineas quarts sensors have higher accuracy than equipment based 
on piezo electric cables. However, we have also seen different accuracy on the same equipment on our two test sites, 
and large variation between the two systems based on piezo cables in Verdal. The table below shows results from one 
test of the system with lineas quarts sensors at Klett test site. 
Table 1. Accuracy of Kistler sensor at Klett (2014). 
 
Measurements indicate that gross weight recorded by this WIM sensor is accurate, having an average error of 
2.73% and a std.deviation of 6.77% compared to static weight. The accuracy is even higher for the heaviest vehicles. 
Figure 2 show results from the two WIM sensors at Klett over a period of three weeks. The weights registered by 
ViperWIM (piezo) seems to be too low, and the Kistler (lineas) too high. When we have performed calibrations of the 
ViperWIM systems they have often registered values 40–50% under the static weight. 
 
Gross weigth 
No. of 
vehicles 
Relative error δ (%)  
π0 (%) 
π (%) 
N Mean (%) Std. Deviation (%) B C B (10) C (15) 
All vehicles 511 2.73 6.77 10 15 95.0 80.1 95.2 
Heaviest vehicles 99 -0.24 3.37 10 15 92.2 99.3 100.0 
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Fig. 2. Test site Klett. Average gross weight 12–31.01.2013.  
The following figures and tables show results from Verdal test site. Kistler (lineas quarts sensors) showed 
unexpected large average errors. The error increased over time, ending up higher than the systems using piezo electric 
cables. The manufacturer claims an average error of less than 5%, and no need for additional calibrations after the 
initial calibration. This system is also certified according to OIML R134 for direct enforcement for speeds 3–65 km/h. 
(The speed limit at the test site is 70 km/h, but the actual speeds are usually lower due to high traffic volumes and 
junctions. TMU4 (piezo electric cables) showed good results. Less than 2% error in January is much lower than 
expected. ViperWIM showed an average error of 15% three months after calibration. Both of these systems use piezo 
electric cables, one supplier claims an accuracy of ±10% for gross weight and ±15% for axle weights. 
Table 2. Test site Verdal November 2014. (Kistler: 33 vehicles, TMU4 and ViperWIM: 31 vehicles). 
 Gross weight Axle 1 Axle 2 Axle 3 Axle 4 Axle 5 Axle 6 
Kistler (November 4th) 
Average Error (%) 11.62 14.05 10.31 13.23 9.19 12.66 12.01 
Std. Deviation (%) 4.52 30.92 13.30 20.39 11.02 6.61 3.97 
TMU4 (November 26th) 
Average Error (%) -5.25 -4.19 -4.02 -3.05 -3.99 -2.08 -6.99 
Std. Deviation (%) 4.08 5.25 10.21 12.22 11.99 12.24 9.60 
ViperWIM (November 26th) 
Average Error (%) -11.86 -11.78 -8.59 -14.95 -8.03 -10.28 -15.28 
Std. Deviation (%) 5.74 11.52 10.65 18.15 15.09 9.52 8.13 
Table 3. Test site Verdal January 2015. (83 vehicles). 
 Gross weight Axle 1 Axle 2 Axle 3 Axle 4 Axle 5 Axle 6 
Kistler (November 4th) 
Average Error (%) 21.72 18.27 24.09 21.72 24.92 23.27 22.30 
Std. Deviation (%) 4.88 6.20 10.19 12.91 8.67 8.55 7.80 
TMU4 (November 26th) 
Average Error (%) -1.33 0.96 -1.82 -3.96 0.72 -1.02 -1.37 
Std. Deviation (%) 4.77 6.18 8.02 10.62 7.24 8.22 8.04 
ViperWIM (November 26th) 
Average Error (%) -1.33 0.96 -1.82 -3.96 0.72 -1.02 -1.37 
Std. Deviation (%) 4.77 6.18 8.02 10.62 7.24 8.22 8.04 
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Fig. 3. Test site Verdal November 2014 (left) and January 2015 (right). 
4.2. Usability of software 
We installed two types of sensors and equipment from three manufacturers at the test site on Verdal. The suppliers 
gave us high expectations for their respective WIM systems, leaving us with the impression of fully tested and reliable 
systems. We experienced some incidents with loss of data due to: 
x Incorrect settings (the default settings did not save the registered weight data) even though the equipment were 
installed and settings adjusted by the supplier. 
x One device stopped registrations at uneven intervals, this was corrected after several months and several software 
updates. 
x One system stopped data collection when we entered the menu system on the equipment. 
x One device stopped registration when the disk was full with no warnings given. 
x We also had some issues with the communication network on the site. 
4.3. Calibration 
The need for calibration is frequent for systems based on piezo electric cables. After 8 months the error for average 
gross weight had increased from about 5% to about 15% error for both systems. There was most likely a hardware 
error in the Kistler system, so we can not evaluate the necessary frequency for calibration for a system based on the 
lineas quarts sensors with the current data. The equipment was replaced in May, and we will continue to monitor the 
accuracy. 
The piezo electric cables needs temperature correction. The correction curves are generated over time based on 
passing traffic, and requires a certain traffic volume. For some of our sites the traffic volumes are very small, under 
500 AADT, while the supplier have tested the method with traffic volumes down to 5000 AADT. We never got the 
even curves we expected, an example is shown in Figure 4. A small change in temperature should not give a large 
change in output from the sensor. Several temperature sensors were also defective after two years. 
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Fig. 4. Example of temperature correction curve. 
4.4. Lifetime of sensors 
The During the tests we have seen the effects of studded tires and winter conditions in Norway. The first 
installations of piezo electric cables were installed at a depth of only 1 cm, as specified by the manufacturer. This was 
clearly not sufficient with the amount of wear due to studded tires at the test sites. After two years we found the piezo 
sensors on test site Klett partially above ground, and broken in several places. The functionality of the sensors will be 
deteriorating well before this amount of wear. Of the eight installations of ViperWIM in 2011 and 2012, five were 
broken in June 2014 due to wear or new pavement on the site. 
The lineas quarts sensors handled the wear and tear of the road better. The accuracy will be affected by the severe 
rutting in the road, but the sensor itself was still in function, and it is possible to grind down the top of the sensor, to 
make it flush with the road surface. The pavement on Klett was grinded before installation of the Kistler sensor due 
to severe rutting. This gave a rough surface which has been deteriorating faster than a smooth one would have. 
 
Fig. 5. Wear of piezo electric cables. 
The piezo sensors in the first installation on Verdal was broken after 1.5 year due to cracks in the asphalt, even 
though the site had new pavement before installation. The site was reestablished with a more durable asphalt in 2014. 
The second installation of piezo electric cables on Verdal in 2014 were installed at 2.5 cm depth. They can be 
installed even deeper if there are no layers in the asphalt. Almost a year after installation, the sensors on this site are 
still ok. 
Malfunctioning sensors will reduce the data quality, an example is shown in Figure 8 were one piezo electric cable 
registered a lot more axles than the other sensor in the same lane. Ideally the piezo sensors in the same lane should 
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have the same number of registered axles, and the inductive loop would have slightly less than half the count of the 
piezo sensor. 
5. Application of WIM for pre-selection – NonStop 
 As part of the project there was also developed an application for pre-selection of overloaded vehicles at the control 
station. The tests were conducted at Klett, where the test area also has ANPR cameras for reading license plate number. 
Licence plate and WIM data are compared to the permitted weight, and an alarm alerts the control officer at the control 
station. 
The pictures below show an example of an application showing an overloaded vehicle. 
 
Fig. 6. Overloaded vehicle (indicated by red). 
The system was successful in retrieving data from different sources and give a warning to the control officers. 
However it proved to be difficult to match the weight data with the correct vehicle. An image collected of an 
overloaded vehicle could show a passenger car as shown in Figure 6. This made the identification uncertain, and it 
was a lot of work to synchronize the registrations with the correct vehicle. The ANPR camera should be trigged by 
the WIM system to facilitate synchronization of images and weight data. 
6. V2I communication 
 The V2I project is a cooperation between NPRA and Volvo Trucks, Posten Norge, Ciber and Sintef. In February 
2015 we performed the initial test with heavy vehicles and V2I communication. A full scale test at Taraldrud control 
station outside Oslo in February 2015, as a proof of concept, was successful. One instrumented vehicle was used to 
verify the communication protocols. The information flow was steady and the focus was therefore on the reported 
weight. The internal difference in the self-declared truck weight for each axel was very low – with less than 1% 
difference between the test runs. Compared with the scale weight at Taraldrud the self-declared truck weight was 
approximately 5% too low. This was considered as a good start for the concept. A full scale tests with four vehicles 
from Posten Norge are planned to start in September. 4 trucks will be equipped with communication units for sharing 
the current weight for a two month period. This setup will provide us with a wider basis for evaluating the data quality 
provided by the system.  
A fully developed system will require more security mechanisms to avoid tampering in the same manner that 
mobile phones are identifying themselves to the operator to comply with payment identity solutions. To help ensure 
robust services and communication several components of the back office system are implemented to expose 
functionality as MOBiNET services, or to use other services developed with the MOBiNET framework. Using 
MOBiNET as a framework for development will also help ensure that the system can easily be adapted to use other 
data sources and registers for the recommendation process in the future. An example of this could be adaptation of the 
system for use in other European countries. 
In the near future this system will be used together with existing weight control stations. Vehicles detected to be 
within the weight limits by the non-stop system will be free to pass the weight station. However, overweight vehicles 
will have to stop at the station for an additional control and possibly be subject to law enforcement. This all takes 
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place without having to alter existing law enforcement processes. The overall concept is that the solution should be 
so appealing due to the potential time saving that the truck operators voluntarily install the C-ITS solution. 
7. Conclusions 
We have conducted tests over three years of two different WIM sensors and four different manufacturers. The 
focus of the tests have been on accuracy, lifetime of sensors, calibration and usability of software and equipment. We 
have tested equipment for high speed WIM for pre selection of vehicles at control stations.  
The piezo electric cables are cheaper than lineas quarts sensors, but the following issues will currently make it 
difficult to meet the requirements of the NPRA. 
x The accuracy of the sensors is given by the manufacturer to be ±10% for gross weight and ±15% for axle weight. 
For lineas quarts sensors the average error is informed to be better than 5%. 
x The calibration procedure has to be repeated often. It is time consuming and expensive. 
x The systems need temperature correction due to sensor temperature drift. Some of the equipment need a long time 
to generate correction curves at sites with low traffic volumes (several weeks in one case). 
x Short lifetime of the sensors. This can be improved by deeper installation where it is possible. 
x The accuracy of the sensors decrease over time. For one system the error in average gross weight increased to about 
15% over a period of 6 months. The error in the other system had increased to 15% in three months, and after 
calibration the error increased to 15% in just over one month. 
The lineas quarts sensors showed good results on the Klett test site, but when installed on Verdal we experienced 
a large change in accuracy over time. The manufacturer have been on site and verified that the sensors are good. They 
suspects a malfunction in the electronic equipment, and replaced the device. The first test gave promising results, but 
we will follow up with further tests of the accuracy over some time, to verify that the problems do not reoccur. In the 
future near we see that WIM systems will be used together with V2I solutions, and that this will improve vehicle 
weight control further. 
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